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SPUN YARN FROM STAPl P P]p^^s^ 

5 

The invention relates to a spun yam made from staple fibres. The 
invention further relates to a process for making said spun yam. to the use of said spui 
yarn for making various semi-finished and end-use products, and to sutiti products 
comprising the spun yam. 

1 0 Such a spun yam is known from US 4942731 . in this patent 

publication a spinning method and a spinning apparatus are described, by whfoh what 
is c^ied a 'single double yam' can be obtained. 

Yams can tie made of coitinuous filaments, staple fibres or 
combinations thereof. Natural fibres can be classified in two categories: short staple 

15 fibres (cottar* like, with typical staple or filament length 15-60 mm) and long staple 
fibres (wool like, typical staple length 40-200 mm). Synthetic fibres are first made as 
continuous filaments; they can be subsequently converted Into staple fibres by either 
cutting or stretch breaking processes. CutBng generally leads to a square filament 
distribution (all fltements having about the same length); although modified systems 

20 allow obtaining some variation in the filament distribution. Stretch breaking generally 
results In staple fibres having a more Gaussian-like distribution of faament lengths. In a 
stretch breakir^ process, the filaments are stretched between several sets of rollers 
operating at different speeds until they break. 

Staple fibres caR=be made Into yam via a process of pulling and 

25 twisting strands of parallel fibres, generally referred to as spinning. For this reason, 
yam made finom staple fibres Is called spun yam. 

Industrial yam spinning processes include the foltewing basic process 
steps: toosenlng. carding, drawing and spinning. Loosening refers to separating and 
optionally cleaning of e.g. baled staple fibres. Carding Is the further loosening and 

30 separating of fibres, fbr example by passing ihem between rotating dmms covered with 
needles. This results in a thin web of partly paralleled fibres, which is formed into a 
rope-like strand often caRed a silver. Combing may then be applied to enhance 
orientation of fibres and to remove small fibres. During drawing. sHvers are drawn out In 
one or more steps. Several slivers, either of the same or of dififeiwt staple fibres, may 

35 be blended together In order to obtain a unifonn fibre density. Mixing staple fibres at 
the carding stage can also make yams comprising blends of difl^nt natural and/or 
synthetic fibres. Before Ibeding to the spinning machine, the sliver may be further 
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drawn while a slight twnst is added, called roving. During spinning, the sliver or roving is 
further dravwi out and a twist 1$ added to provide cohesion of the overlapping fibres, " 
and the yam is winded onto bobbins. Such a package of winded yam may b© of conical 
or cyltndricai form, and is normally simply refenned to as package. 

6 The described spinning process results In a twnsted, single-strand 

yarn, also called single yam. Depending on the twisting direction applied, such yams 
are often referred to as either S or Z yams. A twisted single-strand yam is generally 
rather 'lively', meaning that it tends to twist, tangle, slant or curl round Iteelf when held 
with Insufficient tension. In order to reduce this liveliness, that is to obtain a calm or 

1 0 balanced yam that can be satisfactorily further processed into o.g. a fabric, ft has been 
- - generally accepted in industry that two or mom strands of sIngle yamsneeatb'Be 
combined in an additional step. Such combining step is nomnally called folding or 
plying. A two^ld yam. or two^led yam can, for example, be made by twIsHng 
together two single-strand Z yams with a &4wiet. or by plying together a Z and S type 

16 yam. The thus obtained folded yams may sdso be stronger and more unlfbnn than 
single-strand yams. Such a process, however, is generally rather expensive, because 
in order to make a twofold yam of a certain count, first two singles must be produced 
at half the count In particular, vwhether two packages produced are used, and rewound 
and combined into a two-fold yam, or two yams from two spinning machines are wound 

20 directly Into a two-fold yam, the overall productivity of the spinning process is strongly 
reduced. 

The above-mentioned dlsadvantages.of a single-strand yam are also 
addressed in US 4942731 . The 'single double yam' described therein is obtained by a 
spinning method wherein a staple flbra bundle (sliver) after being drafted is separated 
25 into a plurality of rows, two In case of a double yarn, and each row is introduced Into a 
separate twisting device for applying a twist, after which the obtained twisted fibre 
bundles are combined again Into a yam and winded Into a padcage; and is in fact a 

one-st^ two-fokl yam. 

A disadrantage of the known spun yam described In US 4942731 is. 
30 that it can only be produced on spedally adapted marines, comprising a pluredtty of 
tM^ing devices, but not on existing equipment 

It is therefore an object of the pres^ invention to provide a spun 
yam made from staple fibres that does not ^ow said disadvantage. 

This object is achieved according to the invention witti a spun yam 
35 made from staple fibres, which yam consists of a single strand compri^ng at least 30 
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mass% Of staple fibres that have been qbtalned from a precureor continuous 
multifilament yam having a tensile strength of at least 16 cN/dtex; a tensile modulus of 
at least 700 cN/dtex; and a denier per filament of fibre of at most 18 dpf: 
which staple fibres have an averafle fibre length of between 40 and 180 mm; and 
5 essentially no crimp; 

and which spun yam has a twist level characterized by an a twist coefflcent (KoechHn 
law) of 60 -100 im-\(m/g)-^. 

The singte-strand spun yam according to the Invention can be made 
on existing, less complex spinning equipment, with high productivity and at relatively 
10 low cost. The spun yam accoreBna to the Invention shows very little liveliness, and is 
found to be calm enoughrto enable-further processing Into various semwlnlshBd and 
end-use products, like woven or knUted febrics. different kinds of composite yams, 
ropes and cords , or fishing lines without the need of firet making a fblded yam. 

The spun yams have a ^raight and shiny appearance, with only fitHe 
15 hairiness, mu<* lite the h'^h-perfomiance continuous filament yam (precunsor yam) 
the staple fibres are made fmm, and unlike the bulky appearance of conventional yams 
generally applied for textile ^Hcations like apparels. The spun yam further shows 
surprisingly good mechanical properties; its tensile strength is at least 2,5 cN/dtex, but 
values at the level of 1 5 cN/dtex have also been found. In addition, cut-reslatance may 
20 even be at higher level than that of con-espondlng fllament yam of slmilartitre. A further 
advantage is that due to the compact and regular character of the yam, very regular 
and unifonn fabrics can be made-showing advantageous perlbm^ance when used In • • 
protective clothing and the like. The single yam can be easily combined with other 
fibres, nke other spun yams, filaments yams or monofilaments. Into various kinds of 
26 composite yams, while maintaining good yam integrity. 

In US 5540980 and US 4802330 it is stated that also balanced 
aingle-slrand yams are spun fomn staple fibres, but these yams are a in feet composite 
yams that are made by spinning a yam around a core of a continuous flbreglass 
monofilament or continuous filament yam, respectively. WO 91/14029 A1 and WO 
30 04A)0627 A1 dlsdose a process for making spun yam comprising staple fibres made 
from high perfomnance polyethylene yam. In the examples both single and twcHbId 
yams are mentioned, but no specific disclosure of properties, nor of the use of a stngle- 
atrand yarn is made. The problem of further processing a single.etrand yam Is not 
mentioned nor addressed In these publications. In addition, the reported yam breaking 
35 strengths are at the best about 10% ofthe breaking strength of a compaiBtive filament 
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yam. . . 

The single-strand spun yam according to the Invention compriaea at 

least 30 n.a8s% of staple fibres that have been obtained from a precursor oonUnuous 
multifflament yarn having a tensHe strength of at least 16 cN/dlax ; a tensile moduh» of 
at least 700 cN/dtex; and a linear density or denier per filament of fibre of at most 18 
dpf and which staple fibres have an average fibre length of between 40 and 180 mm 
and essentially no crimp. In principle any long staple fibres having the Indicated 
properties can be chosen. Such staple fibres can be available as such, or can be made 
from high performance filament fibms. Examples of suftaWe fibres include aromatio 
polyamlde fibres, tike products available as Nomex®, Kevlar® orT^waron®. 
polyblsoxazole fibres lil^o Zyion®, or highly^riented polyolefin fibres, euch as those 
based on ultrahigh molar mass polyethylene (UHMwPE) fike Spectra® or Dyneema®. 
or mixtures thereof. Such staple fibres are hereinafter also referred to as high strength 
and high modulus staple fibres, or as high performance staple fibres. 

Various polyotefins can be chosen as staple fibres in the spun yam 
according to the Invention. Particuiariy suitable polyolefins are homo- and copolymers 
of ethylene or propylene. In addition, the polyolefins used may contain small amounts 
of one ormoiB other monomers, in particular other alpha-olefins. Good results are 
achieved If Dnear polyethylene (P^ Is chosen as polyolefm. Unear polyethylene is her« 
20 understood to be pdy^ylene with fewer than one side chain per 1 00 carbon atoms, 
and preferably ffewer than one side chain per 300 carbon atoms, which may moreover 
contain up to S moi% of or more alkenes that can be copolymerised with it. such as 
propylene, butene. pentene. 4.methyipentene or octene. Besides the polyolefin the 
fibre may contain small amounts of solvents or addKlves that are customary for such 
25 fibres, such as anti-oxidants. spin-finishes, thermal stabilizers, colorants, etc. 
• Preferably, the polyolefin fibre, in parficular the polyethylene fibre, has an intrinsic 
viscosity (IV) of more than 5 dl/g. Because of their long molecule chains, polyolefin 
fibres with such an IV have very good mechanical properties, such as a high tensile 
strength, modulus, andenei^y absorption at break. This Is also the reason why even 
more preferably the polyolefin is a polyethylene with an IV of more than 1 0 dl/g. The IV 
is determined according to method PTC-179 (Hercules Inc. Rev. Apr. 29, 1982) at 
1350C in decailn. the dissolution lime being 18 hours, the antioxidant IS DBPC, in an 
amount of 2 gfl solution, and the viscosity at different concentrations is extrapolated to 
zero concentration. Polyethylene of such high visooslly is often called UHMwPE. 
35 UMHwPEfllament yam can be prepared by spinning of a solution of UHMwPE into a 
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gel fibre and drawing tlie fibre before, during and/or after partial or complete removal of 
the solvent; that is via the so-called gel-splnnfng process ae for example described In 
EP 0205980 A. In WO 01/731 73 A1 . In Advanced filjer spinning technology, Ed. T. 
Nakajima. Woodhead Publ. Lid (1994), ISBN 185573 182 7, and In references cited 
5 therein. 

Preferably. UHMwPE fibres ane chosen, because they combine high 
strength with a low relative densl^. More specifically, the yam according to the 
invention comprises UHMwPE staple fibres that have been made via a stretch-breaking 
process, since the broader fibre length distnlsutlon of such staple results in a yam with 

1 0 better mechanical properties. 

' The tensile strength (or strength) and the tensile modulus (or 
modulus) are defined and determined on multifilament or spun yarns as specified in 
ASTM D885M. usfng a nominal gauge length of the fibre of 500 mm, a crasshead 
speed of 50%/mln and Instron 2714 clamps. On the basis of the measured str«s&-strein 

15 cun/e the modulus Is determined as the gradient between 0.3 and 1% strain. For 

calculation of the modulus and ^raigth, the tensile forces measured are divided by the 
titre, as d^ennlned by weighing 10 metres of fibre. 

The spun yam acoondii^ to the Invention comprises staple fibres that 
have been obtained from a precursor yam having a tensile atrer^ of at least 16 

20 cIM/dtex, preferably at least 1 8, more prallsrably at least 20, at least 25. and oven more 
preferably at least 30 cN/dtex, because higher strength of fibres also results in better 

mechanical properties ofthe spun yam. •• 

The high strength and high modulus staple fibnds comprised In the 
single-strand spun yam according to the Invention have been obtained fi^m a filament 

25 yam having a linear density of at most 1 8 denier per filament (dpO, preferably at most 
14, more preferably at most 10 dpf, and even more preferred at most 6 dpf. The lower 
the linear density of the fibres, the thinner the spun yam can be. since a certain 
minfmum number of fibres Is needed In a cross-section to give a yarn of sufficient 
integrity. Furthemnore, the lower the linear densify ofthe fibres, flie higher the tensile 

30 sbBr^ of the spun yam at a constant yam titre. 

The staple fibres in single-strand spun yam according to the invention 
have an average fibre length of between about 40 and 180 mm. A minimum length is 
needed to provide sufficient strength and Integrity to the yam. increasing fibre length 
generally results in improved mechanical properties ofthe spun yam. and a more 

35 regular and even appearance, but a too high length results In problems during the 
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spinning operation, depending on the specific spinning technique and apparatus used. 
' Therefore, the average fibre length is preferably between 50 and 140 mm, more 
preferably between 80 and 100 mm. and still more preferably between 65 and 95 or 
even between 70 and 90 mm. Very good results have been obtained with an average 

5 fibre length of about 80 mm. 

The single-strand spun yanr» according to the invention comprises 
high etrwigth and high modulus staple fibres that show essentially no crimp, the fibres 
not being, or only slightly textured. Crimp Is a measure for the wavlness of a fibre, and 
may be expressed as the difference between the length of the straightened orfUlly 

10 extended fibre and the crimped length, that Is the length of the fibre when substantially 

' * free from external restraint Siio\Artng esseritialiy'n crimp Is herein understood to mean 
that the length of the staple fibres in unstrained condition Is at least 80% of the. 
straightened length. Preferably, the crimped length is at least 90% of the straightened 
length, even better at least 95%. Showing essentially no crimp is further understood to • 

15 Include no pemianent crimp. For example, UHMwPE staple fibres may show some 
crimp that may have been introduced during staple making, but this crimp is not 
pemianent, since It wia essentially disappear upon exposing the fibres to elongallonal 
forces, which may e.g. occur during spinning. This presents another advantag© of 
choosing UHMwPE fitaes as staples fibres In the spun yam according to the invention. 

20 The singte-^nd spun yarn according to the Invention comprisea at 

least 30 ma88% of said high strength and high modulus staple fibres. The spun yam 
may further comprise up to 70 ma&s% of one or more other staple fibres of iiwer 
strength. III® natural fibres or synthetic fibres, to maKe a blend yam. The average 
length of these staple fibres is chosen such that they are compatible with the spinning 

25 process applied, which process detennlned by the average length of the high 

performance staple fibres. Suitable examples of such secondary staple fibres Include 
wool, polyolefin, polyester or polyamide fibres. 

The spun yam. and the staple fibres, may further contain the usual 
additives, like steibilizers, colorants, mineral particles, sizing agents, and the like. In a 

30 special embodiment, the staple fibres contain mineral particles, e.g. small ceramic 
particles that further Improve the mechanical perfonnance of tiie yam, especially cut- 
resistance. 

Hie choice of the other staple fibres, e.g. type, lengtii, dpf and 
amount, and/or of additives is mainly determined by the ultimate yam properties tiiat 
36 are desired, and can be made by the skilled person using standani knowledge or 
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routine scpeilmentation. 

Preferably, the spun yam according to the invention comprises at 
least 50. 60. 70. 80 or even 90 ma89% of said high performance staple fibres, because 
this resuifs in higher mechanical strength of the yam, and In better perfomiance of 
5 products made there firom. For this reason/the spun yam according to the Invention 
most preferably comprises essenUaily only said staple fibres. It has surprisingly been 
found, that a yam consisting essentiaOy of said high performance staple fibres already 
shoiws good properties when about 30 fibres are present In a crossHsection. whereas ft 
is generally accepted that spun yam should comprise a minimum of about 46 fibres. 
"•O The stngie-«trand spun yam according to the invention has a twist 

level characterized by an a twist coefBclent of between 60 and 100 tm-'.(m/gy'*». The 
optimum In twist level of a yam is dependent on the titre of the yam. Therefore, the a 
twist coefficient is used, rather than the actual twist level. The a twist coefficient 
characterizes the twist level of a yam according to the Koechlin equation: 

15 T= a (NmV'", Wherein T is the twist level expressed as the number of turns per meter 
(t.m-') and Nm is the metric yam count (lOOOftex. or m/g). THis twist coefficient Is also 
referred to as (metric) twist factor, or twist multlpllen see for example at 
http:;/www.textll6.oig.uk/Glosaairyft.hlm. 

A certain minimum twist level Is needed to provide the yam a desired 

20 level of integrity or coherency, and higher strength. Increasing the twist level wiil 
Improve these properties, but too Wgh a twist level, i.e. a ooeffldent above 100, may 
reduce strength again, induce spontaneous untwisting of free ends, and increase 
liveliness. Therefore, the a twist coefficient is preferably between 65 and 95, more 
preferably between 70 and 90. or even between 75 and 85, and most preferably about 

25 80t.m-V(m/g)-^« 

The spun yam according to the Invention may have a linear density, 
also referred to as tItre. or expressed as yam count, which varies within wide limits. 
Qenarally. the spun yam has a tItre of fTom 30 to 2500 dtex. In view of applications like 
protective gannents and clothing, the yam tItre is preferably from 100 to 1600 dtex . 
30 even more preferably from 200 to 1200 dtex. 

The single^trand spun yam according to the invention typically has a 
tensile strength of at least 2,5 cN/dtex. depending on the type and amount of high 
perfomiance staple fibres. Prefterably. the spun yam has a tensile strength of at least 3 
5. 7.5. 10, or even at least 12.5 cN/dtex. Such a high strength can generally be 
obtained if the spun yam comprises a relative high amount of high perftmnance staple 
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fibres. It has been found that the spun yam according to the invention typically has a 
strength of at least about 40%. or even at least 45% of the^strength of the precureor 
yam (corrected for the amount of the staple fibies derived there from In the spun yam).. 

The spun yam according to the Invention has surprisingly good cut- 

5 resistance. For a yam comprising essentially only high patfomiance staple fibres 
values at the same, or even higher level compared with corresponding filament yam of 

similar tllre have been obtained. 

The spun yam accoitllng to the invention may also have been 
provided with a coaling layer. Such coating layer may comprise a typical spin finish to 
10 allow easier handling and processing in subsequent operations as is commonly appMed 
In textile industry, a compound or composition to enhance adhesion upon making 
composite articles, or a binder composition that further enhances yam integrity and 
strength. Typical examples of the latter Include polyurethane or polyoleflne-based 
binder compositions. 

,,5 The Invention also relates to a process for making the tingle-strand 

spun yam according to the invention, comprising the steps of 

a) making staple fibres having an average fibre length of betw/een 40 and 180 mm, and 
essentially no crimp from a precursor continuous filament yam, having a tensile 
strength of at least 16 cN/dtex; a tensile modulus of at least 700 cN/dtex; and a 

20 denier per filament of fibre of at most 18 dpf ; and 

b) spinning said staple fibres together with at most 70 mass% of other staple fibres of 
lowerstrength into a yam, while applying atwlst level characterized by an atwlst 

coefficent of 60-100 tm-\(m/g)-^'^. 

With this process, which can be praformed using known spinning 
25 equipment, a single yam of relatively high strength is obtained that is calm or balanced 
enough to enable further processing into various semi-finished and end-use products, 
Kke woven or knitted ftibrics, differem Wnds of composite yams, ropes and cords, or 
fishing lines without the need of first making a folded yam. A further advantage of the 
process according to the Invention is that various kinds of blended yams can b© m«le 
30 in a flexible manner. 

The splnnir^ step of the process according to the InvenBon can be 
performed using known techniques, like ring spinning and open-end spinning. In view 
of ttie long staple length, ring-^j^mlng tec^lques are prefened. In the process 
according to the invention also spinning equipment can be applied that is ^edally 
35 adapted for handling high performance staple fibres like UHWiwPE fibres, such as 
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mentioned in WO 91/14029 A1 and WO 94/00627 A1, 

In a preferred embodiment of the process according to the invention, 
staple fibres are made in step a) from high performance polyethylene filament yam, 
preferably UHWlwPE gel-spun yam, by a atretch-breaklng process. The advantage of 
5 this process is that a polyethylene spun yam is made of relatively high strength and 
cut-resistance. The broader distribution of fibre length, compared to staple fibres made 
via a cutting process, further allows easy blending with other staple fibres, resulting In a 
more homogeneous yam. Furthemiore, starting from relatively high titr^ continuoue 
filament yam. spun yams of widely varying litre can be made with mechanical 

10 properties, especially cutHfesistance coming dose to those of a filament yarn of similar 

titra 

The process aocordlng to ttie invention may further Mmprise a step, 
wherein a coating composition is aiin^li^ to the as-spun yam to form a coaling layer. 
Sudi coating (u^mpositlon may comprise a typical spin finish to allow easiw handling 

15 and processing of the yam in subsequent operations, a compound or composition to 
enhance adhesion during sutisequent maidng of composite articles comprising the 
yam, or a binder composition that further enhances yam integrity and strength. Typical 
examples of the latter inciude polyurethane pr polyoleftn-based binder compositions 

The Invention further relates to the use of the spun yam according to 

20 the invention for making a semi-finished or end-use product It is very surprising that a ^ 
single-strand spun yam can be used without any difficulties, because it is generally 
accepted in textile industries that folded yarns need to be used, because singfe yarns . 
would not have enough strength and dimensional stability, that is they are not balanced 
or calm enough to allow reliable and trouble-free handling and processing* 

25 In one embodiment, the spun yam according to tlie invention is used 

^ for making a composite yam. Composite yams can be made by combining the single 
yam according to tiie Invention with at least one otherfliament yam or monofilament In 
this way, yams wfltii specific properties can be made, depending on the chosen at least 
one otiier yam* Alternatively, a composite yam can comprise tt^e spun yam according 

30 to the invention as a core layer surrounded by other fibrous material. The spun yam 
may also be twisted together witii another yam. Composite yams with very high out- 
resistence can for example be made using the spun yarn according to the invention in 
combination witti a metal wire, or glass or other inorganic fibres. Cut-resistent 
composite yams with improved recovery after deformation result firom a combination of 

35 yam according to the Im/ention and an elastic filament yam like spandex. Examples of 
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various types of composite yams comprising spun yams are e.g. given in EP 0445872 
A1 and US 6165084 A, but these publications do not disclose the use of single-strand 
spun yams In such composite yams. 

In another embodiment, the spun yam according to the invention, or 
5 a composite yam comprising the spun yam according to the Invention is used for 
making cords or ropes. Cords of any size can be made by combining the single yarn 
according to the invention with at least one other yam by merely folding together, or by 
making more complex structures by braiding, knitting or weaving. Rope Is a temi 
generally used for ail kinds of cords or cordage more than 4 mm in diameter, and also 

1 0 includes cores of yarns covered by a braided sheath or plastic film. 

. - . - ^ - • In a ftirlher embodiment, the spun yam according to the invention is 

used for making monofHament-like products, like fishing lines. Fishing nnee are 
normally transparent or translucent monofilaments, but can alternatively be made from 
foMed or brsuded multifilament polyolef in yams by a process comprising at least 

1 6 partially heat fiislng the surfaces of individual filaments within the yam, as is described 
in EP 0740002 A1 . The advantage of the use of the sjfnjn yam according to the 
Invention for matdng a monofilament-llke product, wherein the staple fibres are made 
from poIyoleRn fillamenls, preferably UHlWIwPE filaments In view of their strength and 
heat fusing behaviour, Is that a fishing line of desirable properties can be made with 

20 higher overall productivity and economics. 

The invention therefore also relates to a process of making a 
monofilament-ltka product comprising a step of exposing a folded or braided yam, 
comprising at least a spun yam made from polyolefin staple fibres, to a temperature 
within tfie melting point range of the polyolefin for a time sufficient to at least partially 

25 fuse acgacent fibres. The melting point range of the polyolefin Is the temperature range 
between the peak melting point of an non-oriented polyolefin and the peak melting 
point of a constrained highly-orlented polyolefin fibre, as d^rmined by DSC analysis 
using a scan-rate of 20"C/min. The advantage of this process Is that translucent or 
semi-transparent monofilament-like products having a low relative density can be made 

30 at h^her overall production rate and lower overall cosb compared vyith monofilament 
production or with the process known from EP 0740002 A1 wherein monofilament-llke 
products are made by fusing of multifilament polyolefin yams. The products obtainable 
by this process are useful as, for example, fishing lines. Preferably, In this process 
according to the invention a spun yam according to the Invention, wherein the staple 

35 fibres are polyolefin fibres, is applied. The monofilament-^ike product thus obtained 
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shows a surprisingly high retention of strength after a knot has been applied to the 
product 

In a further embodiment, the spun yam according to the Invention, or 
a oomposlte yam comprising the spun yam according to the invention (s used for 
5 making fabrics. Ail known methods of making fabrics may in principle be chosen. 
Suitable examples of fabric making techniques Include knitting, weaving, braiding, or 
tufting. Preferably, the spun yam is used for making a fabric with techniques like 
knitting and weaving, because the properties of the spun yarn allow manufecturing of 
fabrics with highly uniform appearance and good cut-resistance that can be applied for 
1 0 making atl sorts of protective clothing and the like. Examples of the use of various 
types of yams for making protecUve labrics are e.g. given In EP 0449872 A1 and U8 
6155084 A, but these publications do not disclose Itie direct use of single-strand spun 
yams. A knitted fabric made from the single-strand yarn aooording to the invenfkan 
retains its shape, which is surprising since it is generally believed that at least a two-ply 
1 5 yam should be used to prevent a knitted fabric from twisting out of shape^ 

The invention also concerns semi-finished and end*-use product 
comprising the spun yam according to the invention, as discussed above. 

The invention will now be fUriih^ illustrated by the following examples ' 
and comi^arative experiments. 

20 

Example 1 

iUlultl-filament UI^MwPE yam, Dyneema® 1 760SK60 (D8IVI i-llgh 
Performance Fibres, NL), ha>^'ng a titre of 1760 dtex, a tensile strength of 28 cl>l/dtexi a 
tensile modulus of 910 cN/dtex, and a denier per filament of fibre of 1 dpf was made 
25 into staple fibres by a stretch-brealdng process, as for example described in BP 
0445872 A1. The average length of the staple fibres was about 80 mm. 

The staple fibres were subsequenOy spun into a single-strand yam 
using NSC equipment of the long staple fibre type. A twist level of about 17 turns per 
meter was applied. The yam obtained had a yam count of about Nm 22 (450 dtex). 
30 meaning the twist coefficent was about 80 t.m'\(m/gy^^. The spun yam showed little 
liveliness, as was demonstrated by cutting a length of 100 cm, holding it vertically fixed 
at only one end, and observing hardly any tendency to twist 

The tensile strength and the tensile modulus were detemnlned on 
muitifildment or spun yams as spedfied in ASTM D885M, using a nominal gauge 
35 length of the fibre of 500 mm, a crosshead speed of 50%/mln and Instron 2714 clamps. 
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On the baste of the measured stress-strain curve flie modulus is determined as the 
gradient between 0,3 and 1% strain. For calculation of the modulus and strength, the 
tensile forces measured are divided by the titre, as detemnined by weighing 10 metres 
of fibre. Cut-resistance was measured following the procedure described In EN 388. 
The results have been summarized In Table 1 - 

The single-strand yam could be further processed on a Shima Seild 
Gauge 13 seamless glove machine into a protective glove without any difficulties, fn 
combination with about 10 mass% of an elasKc yam (Lycra®). The glove made had a 
very regular appearance and did not defomi or twist afterwards. 

Gomparative experiment A - ... 

Mechanical properties and cut-rsslstanoe of a continuous filament 
yam of tltns 440 dtox (Dyne6ma<S> SK65) ware measured for comparison, results are 
given In Table 1. 



Comparative experiment B 

Analogous to Example 1, the staple fibres were spun into a yam, be it 
that a twist level characterized by a MBit coeffiolent of about 110 t.m'^(m/gr^^ was 
applied. Apart from difftculttes ^countered In spinning the yam. the yam produced 
20 showed strong tendency to curi around iteelf. Nevertheless, further processing by 
knitting of a fabric was carefully started, but had to be stopped quicklyi because the 
yam started to twist itself around the needles of the machine and breakage of some 
needles, 

25 Example 2 

Example 1 was repeated, but a yarn of count Nm 44 (225 dtex) was 
made, applying a twist level equivalent to a twist coefficient of about 80 tm^-(m/g)"^^. 
Mechanical prcperities and cut-resistance results are given in Table 1. 

30 Comparative experiment C 

Mechanical properties and cut-resistance of a continuous filament 
yam of titre 220 dtex (Dyneema® SK65) were measured for com|:^ri8on, results are 
given In Table 1. 
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Table 1 





Yam type 


Mechanical properties 


Cut-resistance 






Tensile 

strength 

(cN/dtex) 


Tensile 

modulus 

(CN/dtex) 


Elongation 
at break 
(%) 


Index 


level 


E3»mpld 1 


Slngte-strand 
staple yarn; 
450dtex 


15,1 


122 


4.7 


4,02 


2 


Comp. Exp. A 


RIament 
yam; 
440 dtex 


31,2 


1051 


3.5 


3,27 


2 

» 


Example 2 


Single-strand 
staple yam; 
225dtox 


15,0 


153 


4,28 


2.04 


1 


Comp. Exp. C 


Rament 
yam; 
220 dtex 


31,6 


1026 


3,34 


2.01 


1 
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Spun yam made from staple fibres, which yarn consists of a single strand 
oompridlng at least 30 mass% of staple fibres that have been obtained from a 
precursor continuous multifilament yam having a tensile strength of at least 16 
cN/dtex; a tensile modulus of at least 700 cN/dtex; and a denier per filament of 
fibre ofat most 18 dpf; 

which staple fibres have an average fibre length of between 40 and 180 mm; 
and essentially no crimp; 

and which spun yam has a twist level characterized by an a twist coefTicent of 
60-100tm'Um/gr^'^/ ' ' 

Spun yam according to claim 1, comprising at least 30 mass% of UHMwPE 
staple fibres that have been made via a stretch-breaMng process. 
Spun yam according to any one of claims 1-2, wherein the average fibre 
length is between 60 and 100 nim. 

Spun yam acoording to any one of claims 1-^, comprising at least SO mass% 
of the indicated staple fibres. 

Spun yam according to any one of claims 1-4, consisting essentlally of the 
Indicated staple fibres. 

Spun yam ac^rdlng to any one of daims 1-6, wherein the a twist coefficient Is 
between 70 and 90 tm ^(m/g)"^®; 

Spun yam according to any one of claims 1^, wherein the spun yam has a 
titre of from 100 to 1600 dtex. 

Spun yam according to ar^ one of claims 1-7, having a tensile strengtti of at 
ieastScN/dtex. 

Spun yarn according to any one of claims 1-7, having a tensile strength of at 
least IQcN/dtex. 

Process for making the single-strand spun yam according to any one of claims 
1-9, comprising the steps of 

a) making staple fibres having an average fibre length of between 40 and 180 
mm, and essentially no crimp from a precursor continuous filament yam, 
having a tensile strength of at least 16 cN/dtex; a tensile modulus of at least 
700 cIM/dtex; and a denier per filament of fibre of at most 18 dpf; and 

b) spinning said staf^e fibres together with at most 70 mass% of other staple 
fik>re8 of lower strength into a yam, while applying a twist level 
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characterized by an a coefficent of 60-100 tm"\(m/gr'"^* 

11. Process according to claim 10, wherein the staple fibres are made fn step a) 
from UHMwPE gel-spun yam by a stretdvbreaklng process. 

1 2. Use of the spun yam according to any one of claims 1-9 for making a eemi- 
5 finished or endHise product: like a composite yam, a cord or rope, a 

monofilament'-Uke product, or a fabric. 

1 3. Semi-finished or end-use product comprising the spun yarn accordlrqg to any 
one of claims 1-9. 
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AB^TPACT 



The Invention relates to a spun yarn made from staple fibres, which 
5 yam consists of a single strand comprising at least 30 mass% of staple fibres tiiat have 
been obtained from a precursor continuous multifilament yam having a tensile strength 
of at least 16 cN/dtex; a tensile modulus of at least 700 cN/dtex; and a denier per 
filament of fibre of at most 18 dpf; which staple fibres have an average fibre lenjgth of 
between 40 and 180 mm; and essentially no crimp; and which spun yarn has a twist 
1 0 level characterized by an a twst cbefflcent (Koechlln law) of 60 -1 00 tm''\(m/gr''^. 

The single-strand spun yarn according to ^he invention can b 
on existing spinning equipment, \Mth high productivity and at relatively low cost; and Is 
found to be calm enough to enable furttier processing Into various semi-finished and 
end-Use products without the need of first making a folded yarn. The spun yarn further 
1 s shows surprisingly good tensile strength and cut-re^stance. 

The invention furttier relates to a proofs for iri^ng said single^ 
strand spun yam, to the use of said spun yam for making various semi-finished and 
end-use producte, and to such products compdsing the spun yam. 
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